Abstract. Trimetazidine dihydrochloride is an effective anti-anginal agent; however, it is freely soluble in water and suffers from a relatively short half-life. To solve this encumbrance, it is a prospective candidate for fabricating trimetazidine extended-release formulations. Trimetazidine extended-release floating tablets were prepared using different hydrophilic matrix forming polymers including HPMC 4000 cps, carbopol 971P, polycarbophil, and guar gum. The tablets were fabricated by dry coating technique. In vitro evaluation of the prepared tablets was performed by the determination of the hardness, friability, content uniformity, and weight variation. The floating lag time and floating duration were also evaluated. Release profile of the prepared tablets was performed and analyzed. Furthermore, a stability study of the floating tablets was carried out at three different temperatures over 12 weeks. Finally, in vivo bioavailability study was done on human volunteers. All tablet formulas achieved <0.5 min of floating lag time, more than 12 h of floating duration, and extended t 1/2 . The drug release in all formulas followed zero-order kinetics. T4 and T8 tablets contained the least polymer concentration and complied with the dissolution requirements for controlled-release dosage forms. These two formulas were selected for further stability studies. T8 exhibited longer expiration date and was chosen for in vivo studies. T8 floating tablets showed an improvement in the drug bioavailability compared to immediate-release tablets (Vastrel® 20 mg).
INTRODUCTION
Various physical and chemical approaches have been applied to produce a well-characterized dosage form that controls drug input into the body within the specifications of the desired release profile. This is generally accomplished by attempting to obtain "zero-order" release from the dosage form, i.e., the rate of drug release is independent of the drug concentration. Extended-release systems generally do not attain this type of release and usually try to mimic zero-order release (1) . Gastroretentive systems can remain in the gastric region for several hours and hence significantly prolong the gastric residence time of drugs and produce retardation in drug release. Gastric retention helps provide better availability of new products with new therapeutic possibilities and substantial benefits for patients (2, 3) . The controlled gastric retention of solid dosage forms may be achieved by the mechanisms of mucoadhesion (4, 5) , flotation (6), sedimentation (7, 8) , expansion (9, 10) , modified shape systems (11, 12) , or by the simultaneous administration of pharmacological agents that delay gastric emptying (13) (14) (15) (16) .
Trimetazidine dihydrochloride is a clinically effective antianginal agent that has been used in the prophylaxis and management of angina pectoris and in ischemia of neurosensorial tissues also in Meniere's disease (17) . It is freely soluble in water, is rapidly absorbed, and its half-life is relatively short (t 1/2 = 6.0 ± 1.4 h). Therefore, it is a potential candidate for extended-release formulations; however, controlling its release is a challenging task due to its high water solubility (18) . The USP and the FDA identify specific release requirements for extended-release dosage forms. The current requirements for one product may be the same or may differ between regulatory bodies. Releasing of 20-50% of the drug after 3 h assures that there is no dose dumping from the dosage form. The intermediate specification assures that drug release (45-75%) over the 3-to 6-h period occurs neither too slowly nor too rapidly, while the purpose of the last specification is to assure the complete dissolution of drug. From a practical standpoint, sampling through 8 h for a twice daily product and through 12 h for once daily product may be adequate, provided that not <75-80% of the drug is to be released (19) .
The purpose of this work was to prepare dry coated floating tablets of trimetazidine using certain hydrophilic polymers in order to control the release of this highly watersoluble drug. The polymers used in the coating layers were a mixture of HPMC K4M/carbopol 971P or polycarbophil in a ratio of 7:1. Evaluation of the prepared tablets was performed by determination of the hardness, friability, content uniformity, weight variation, floating lag time, and floating duration. The in vitro release studies for the determination of trimetazidine released from the tablet formulations were performed and analyzed. The effect of the storage at high temperatures, namely, 40°C, 50°C, and 60°C for a period of 12 weeks on the chemical stability of the selected tablets and prediction of the shelf life was also assessed. In addition, the effect of storage at high temperature and humidity on the release of the drug from the selected formulas was evaluated. Finally, the bioaviability and pharmacokinetic parameters of trimetazidine from the selected floating tablet formula T8 were conducted in human volunteers and compared to commercially available tablets (Vastarel® 20 mg; Servier Pharmaceutical Company, Egypt).
MATERIALS AND METHODS

Materials
Trimetazidine dihydrochloride (TMZ.2HCL; Batch no. SBML/TMZ/708030, Exp. date 7/2012) was kindly supplied by Global Napi Pharmaceutical Company, Egypt. Hydroxypropylmethy cellulose (HPMC 2910, 15 cps; HPMC K4M, 4000 cps) were gift samples from SEPPIC, France. Carbopol 971P and Polycarbophil were gift samples from Lubrizol, Belgium. Guar gum was purchased from Sigma-Aldrich, USA. Sodium bicarbonate and triethylamine were purchased from Loba Chemie, Mumbai, India. Acetonitrile, methanol, and orthophosphoric acid (HPLC grade) were purchased from E-Merck, Germany. Trichloroacetic acid was purchased from Fluka, USA. Dibasic calcium phosphate (Emcompress®), sodium chloride, spray-dried lactose, potassium dihydrogen phosphate, sodium dihydrogen phosphate, and magnesium stearate were purchased from ADWEC, Egypt. Double-distilled water was used throughout the study.
Formulation of Dry Coated Floating Tablets
Preparation of Core Tablets
Different formulations were prepared according to Table I . The calculated amounts of the drug (25 mg) and the fillers, namely, spray-dried lactose, dibasic calcium phosphate, HPMC 15 cps, or guar gum, were mixed together and then 0.5% magnesium stearate was added and mixed well. Tablets of 50 mg were prepared by means of singlepunch machine with flat 5-mm punch and die set (singlepunch tablet press; model TDP, SHANGHAI TIANHE, Pharmaceutical Machinery Factory, China). The target tablet hardness was adjusted to be in the range of 40-60 N (tablet hardness tester; DR-SCHLENGER Pharmaton, USA).
Preparation of Coat Layer
A mixture of hydrophilic polymers including HPMC K4M/carbopol 971P or HPMC K4M/polycarbophil in a ratio of 7:1 was used for the formulation of the coat layer. The calculated amounts of the drug (15 mg) and the hydrophilic polymers were mixed followed by the addition of sodium bicarbonate and the filler spray-dried lactose. At last, 0.5% magnesium stearate was added and mixed well.
Fabrication of Dry Coated Tablets
The tablets were fabricated by dry coating technique [20] . Using single-punch machine and concave 8-mm punch and die set, one third of the amount of the coating layer was placed in the die then the upper punch was descended to compress the powder into a thin disc. Then, the core tablet was placed in the middle of the die over the disc. The remaining two thirds of the amount of the coating layer was added above the core tablet in the die, then the upper punch was descended again to compress the powder into the tablet. A diagrammatic sketch of the dry coated tablets is shown in Fig. 1 .
Characterization of the Prepared Tablets
Weight Variation Test
Twenty tablets of each formula were individually weighed accurately and their average weight calculated.
Uniformity of Tablet Thickness and Diameter
The diameter and thickness of ten randomly selected tablets of each formula were measured using a Vernier caliper (Shanghai, China). Results were reported as the mean (±SD) of three measurements.
Content Uniformity
Twenty tablets of each formula were individually analyzed for initial drug content by dissolving each tablet in 100 mL distilled water. The mixture was then filtered through Whatman filter membrane (0.45 µm) prior to drug analysis spectrophotometrically at 231 nm (UV-VIS spectrophotometer; Jasco, V-530, Japan).
Friability Test
Ten tablets of each formula were accurately weighed (W1) and placed in the drum of the friabilator (Pharma Test, Germany). They were rotated at 25 rpm for a period of 4 min and then reweighed (W2). The percent loss in weights was calculated from the following equation and taken as a measure of friability (21) .
Hardness From each formula, ten tablets were tested for their hardness using a hardness tester. The mean hardness (±SD) in newton of each formula was determined (21) .
Determination of Floating Lag Time and Floating Duration of the Prepared Tablets
The time required for the tablets to emerge into the water surface (floating lag time) and the time taken for the tablets to remain floating on the water surface (floating duration) were inspected visually in a dissolution vessel filled with 500 mL of 0.1 N HCl, pH 1.2, at 37±0.5°C rotated at a constant speed (50 rpm) (22) . All the data were the average of three determinations.
In Vitro Release Studies
The release of trimetazidine dihydrochloride from the prepared formulations was performed according to the USP XXIV dissolution tester apparatus 2 (paddle method; Hanson Research, SR 8 plus model, USA). Studies were carried out at 37±0.5°C in 500 mL of 0.1 N HCl, pH 1.2, as dissolution medium for a period of 8 h. Rotation speed was 50 rpm. At predetermined time intervals, aliquots (5 mL) were withdrawn and replaced with fresh medium to maintain constant dissolution volume. Samples were filtered through Whatman filter membrane (0.45 µm), diluted appropriately, and analyzed for the percent trimetazidine released [23] . All experiments were done in triplicate. The obtained data were subsequently analyzed to determine the order of release.
Accelerated Stability Testing
The accelerated stability testing was performed on the selected formulas (T4 and T8) which gave the most optimum results in all previous tests. The test was carried out by placing the tablets of each selected formula in dark closed glass container and stored in thermostatically controlled ovens adjusted at different temperatures, namely, 40°C, 50°C
, and 60±0.5°C with relative humidity 75% (maintained using a saturated solution of NaCl) for a period of 12 weeks. The stored tablets were examined visually for any changes in color and/or appearance every week. Three tablets from each formula were taken from the ovens after 1, 2, 4, 6, 8, and 12 weeks and analyzed for the determination of the amount of drug retained in each formula using an HPLC stabilityindicating method (24, 25) . The unknown concentration of trimetazidine in each formula was calculated.
The stability data were kinetically analyzed to determine the order of drug degradation according to zero-and firstorder kinetics. The rate constant of the reaction (k) was calculated according to a determined order at each of the three temperatures. The logarithmic K values at different temperatures were plotted against the reciprocal of the corresponding temperature according to Arrhenius plot for the determination of the expiration date (26) (27) (28) .
HPLC Analysis of Trimetazidine
Quantification of trimetazidine samples were analyzed using a reverse-phase HPLC. The HPLC system consisted of a solvent delivery pump (Shimadzu L-7110, Hitachi Ltd., Japan), a controller (SCL-10A), and a UV/VIS detector 
Method Validation
Standard samples were prepared to provide final concentrations of trimetazidine in the range of 2-10 µg/mL. The peak areas of the drug were plotted against the concentrations. The least square linear regression analysis was used to determine the slope, Y-intercept, and the correlation coefficient (R) of the standard plot.
Recovery
Recovery percent of trimetazidine from different samples was calculated and the relative standard deviation (%RSD) value calculated in each case.
Accuracy and Precision
The accuracy of the assay method was evaluated at three concentration levels, 2, 6, and 10 µg/mL, of trimetazidine three times and injecting into the system. Precision was determined by repeatability of injecting the same concentration solution three times into the chromatographic system, and %RSD of the peak area was calculated.
Intra-day and the Inter-day Variations
The intra-day and inter-day variations were established by analyzing samples in the range of 2-10 µg/mL drug solutions in triplicate on the same day and on three consecutive days, respectively, then, the %RSD of the slope and R were calculated in each case. A two-way analysis of variance (ANOVA) test was performed to determine the significance of difference between the results (p = 0.05).
Effect of Storage at High Temperature and Humidity (40°C+75% Relative Humidity) on the Drug Release
Aiming to study the effect of storage at high temperature and humidity on the release of trimetazidine from the selected formulas, a release study has been conducted on the samples taken from the stored formulas at 40°C and 75% relative humidity after 4, 8, and 12 weeks as previously mentioned.
Bioavailability Studies
Trimetazidine floating formula T8 was selected for the bioavailability study. The criteria for the selection of this formula were based on the results of all previous tests. Also, the relative bioavailability of the drug from this formula was computed to the commercially available Vastarel® tablets (20 mg).
Subjects
Twelve healthy male volunteers (60-70 kg, age between 25 and 30 years) participated in the study. All selected volunteers were nonsmokers and non-alcoholics. The biochemical examination of the volunteers revealed normal kidney and liver functions. The nature and purpose of the study were fully explained to them. An informed written consent was obtained from every volunteer. None of the volunteers was on drug treatment 1 week prior to the participation of the study. Volunteers were free to withdraw from the study under their own discretion. The study was approved by the Ethics Committee of the Faculty of Pharmacy, Cairo University.
Protocol
The study design was a single-dose, fasting, three-treatment parallel design comparing equal doses of the two formulas. An equal number of human volunteers were randomly assigned to the dosing sequence. One tablet formula T4 containing 40 mg trimetazidine and two commercially available Vastarel® tablets (20 mg drug in each tablet) were administered orally to the volunteers with 200 mL of water. Food and drinks were withheld for 2 h after dosing. Blood samples were collected from each volunteer's forearm cubital vein via a syringe over a period of 48 h at time intervals of 0, 0.5, 1, 2, 4, 8, 12, 18, 24, 36, and 48 h. The blood samples were immediately centrifuged at 4,000 rpm and then the plasma was separated and stored at −10°C until analysis by HPLC assay.
HPLC Determination of Trimetazidine in the Plasma Samples
A sample (0.5 mL) of blood plasma was transferred to a 10-mL glass tube with a Teflon cap. Two hundred microliters of 10% (w/v) trichloroacetic acid was added and mixed for 5 min by means of a vortex mixer (Thermolyne Maxi Mix II, USA). The resultant mixture was centrifuged at 4,000 rpm for 15 min and then filtered through a membrane filter of 0.45-µm pore size and injected to the HPLC column. The concentration of drug in each sample was determined as previously mentioned.
Pharmacokinetic Analysis of the Data and Determination of Relative Bioavailability
The individual pharmacokinetic parameters of the drug were calculated by one-compartmental analysis. These parameters included the peak plasma concentration (C max ) and the time to reach the maximum plasma concentration (T max ). The areas under the plasma trimetazidine concentration-time curves AUC (0-48) and AUC 0À1 ð Þ also were calculated by the linear trapezoidal rule and extrapolation to infinity, respectively. In addition, the overall elimination rate constant (K e ) and elimination half-life (t 1/2 ) were determined. The percent relative bioavailability of the drug from floating 
Statistical Studies
Two-way ANOVA was performed to determine the significance of difference between the pharmacokinetic parameters among groups. The level of significance was set at P value of <0.05 using SPSS version 12.0 software computer program.
RESULTS AND DISCUSSION
Fabrication and In Vitro Characterization of Trimetazidine Dihydrochloride Floating Tablets
Dry coated floating tablets of trimetazidine dihydrochloride were prepared using certain hydrophilic polymers in order to control the release of this highly water-soluble drug. The polymers used in the coating layers were a mixture of HPMC K4M/carbopol 971P or polycarbophil. Several preliminary optimization studies were performed using different polymer ratios such as 1:1, 2:1, 7:1, and 6:2. These studies indicated that increasing the ratio of carbopol or polycarbophil in the mixture led to a dramatic lowering in the drug release to ∼20% over 8 h. Accordingly, the optimal ratio for HPMC K4M/carbopol 971P or polycarbophil was 7:1. Incorporation of 10% sodium bicarbonate (from the total tablet weight) in the coating layer produced an optimized floating layer. Sodium bicarbonate generates CO 2 in the presence of a dissolution medium (0.1 N HCl, pH 1.2). The generated gas is trapped and protected within the gel formed by hydration of polymer, thus decreasing the density of the tablet. As the density of the tablet falls below 1 g/cm 3 , the tablet becomes buoyant (2) . All the prepared trimetazidine floating tablets showed an acceptable weight variation range from 198 to 203 mg with standard deviation <2%, and not more than two tablets were allowed to deviate from the average by more than twice the previous percentage (30) . The prepared tablets showed a uniformity of thickness and diameter. The values of tablet thickness were in the range of 3.6-4 mm and the diameter in the range of 8-8.04 mm. The drug concentration was not <97% and did not exceed 103% of the labeled potency with standard deviation <2%. This result indicates that all the prepared formulations complied with the pharmacopoeial limits for content uniformity (31). 
Friability and Hardness
Tablets showed a percentage fine ranging around the acceptable limit and did not exceed the permissible limit of 1% (32) . For hydrophilic matrix tablets, friability did not vary significantly as a function of both polymer concentration and polymer type. Such findings are in agreement with the work of Dopeshwarker et al. (33) . The hardness values ranged from 48 to 62 N with standard deviation <2% trimetazidine for all the prepared tablets.
Floating Lag Time and Floating Duration of the Tablets
Rapid system floatation is highly desirable for gastroretentive dosage forms and can potentially prolong gastric residence time and improve the bioavailability of drug substances with a narrow window of absorption (34) . Incorporation of 10% sodium bicarbonate in the coating layer produced an optimized floating layer. Sodium bicarbonate generated carbon dioxide in the presence of 0.1 N HCl, pH 1.2, as a dissolution medium. The generated carbon dioxide was trapped and protected within the gel formed by hydration of polymer, thus decreasing the density of the tablet. As the density of the tablet falls below 1 g/cm 3 , the tablet became buoyant. All tablet formulas showed a floating lag time of <0.5 min (SD<0.01), good matrix integrity, and floating duration of more than 12 h.
In Vitro Release Studies
The percentage of trimetazidine released after 8 h (Q 8 h ) from the prepared floating tablet formulations are shown in Table II . The in vitro release of trimetazidine from the floating matrix tablets formulas T1-T3 showed that the extent of drug release was 88%, 85%, and 81%, respectively (Fig. 2) . This may indicate that formula T3 complied with the dissolution specifications for controlled-release products: 75-80% over 8 h (19) .
On the other hand, formulas T4-T6 were prepared by replacing carbopol 971P in the coating layer with polycarbophil at the same percents. The extent of the drug release from these formulations was 80%, 78%, and 71%, respectively (Fig. 2) . Formula T4 complied with the release requirements for extended-release products: 45-75% within 6 h and 75-80% over 8 h. These results may signify that polycarbophil was successful in controlling the drug release and produced more retardation in the drug release when compared to carbopol. When replacing spray-dried lactose with Emcompress® in the core tablet for T7-T9 formulas, the drug achieved 91%, 81%, and 78% release, respectively, within 8 h (Fig. 2) . The water solubility of the filler in the core may have a little effect on the release behavior of trimetazidine from the matrices. It is also obvious that formula T8 complied with the dissolution specifications for controlled-release products compared with the other two formulas.
For the tablets (T10-T12) prepared using HPMC 15 cps as a retarding polymer in the core instead of spray-dried lactose, the extent of the drug release was 75%, 77%, and 73% of the labeled amount after 8 h, respectively (Fig. 2) . It is important to note that the use of HPMC 15 cps in the core tablet resulted in a retardation in the drug release. This could be explained on the basis of the formation of a viscous gel inside the tablet and the drug dissolves in the gel layer and slowly diffuses into the surrounding coating layer. Concerning the tablet formulations (T13-T15) prepared using guar gum in the core tablet, the release of the drug was found to be 96%, 86%, and 67% after 8 h, respectively (Fig. 2 ). All the above results indicated that the drug release from all the prepared dry coated floating tablets showed an extended release of the drug over time. The release of trimetazidine from the tablets prepared using polycarbophil in the coat layer showed a marked decrease compared to those prepared with carbopol 971P. Hydrophilicity or hydrophobicity of the filler in the core tablet had a little effect on the release behavior of trimetazidine from the matrices. Replacing the soluble filler in the core tablet with gel-forming polymers as HPMC 15 cps or guar gum resulted in a decrease in the extent of drug release.
The release data were subjected to kinetic analysis using linear regression according to zero-order, first-order, and Higuchi diffusion model to determine the mechanism of the drug release. The drug release from all formulas was found to follow zero-order kinetics. The t 1/2 values of the prepared floating tablets are in the range of 3.9-6.7 h. Formula T7 showed the lowest value of t 1/2 , while formula T15 exhibited the highest value. A two-way ANOVA was performed to determine the significance of difference in trimetazidine release profiles. Significant differences (p<0.05) existed in the release profiles among all tablet formulations.
Accelerated Stability Testing
None of the stored formulas showed any changes in color or appearance throughout the storage period of 12 weeks under different temperatures with relative humidity 75%. The typical chromatogram of trimetazidine obtained following the analysis under the chromatographic conditions previously described is shown in Fig. 3 . The drug showed a sharp and symmetrical peak with good baseline resolution and minimum tailing, thus facilitating the accurate measurement of the peak area. Figure 4 demonstrated that the calibration plot for the peak areas of varying trimetazidine concentrations was highly linear (R = 0.9998), and this result indicated that there was an excellent correlation between the peak area and the concentration. The mean percent recoveries were found to be very high for all trimetazidine concentrations (2-10 µg/mL) with relative standard deviation (%RSD) values of <0.438% (Table III) . The %RSD of the assay of trimetazidine during the assay method was <0.75% for the peak area of the drug. In addition, the %RSD value for repeatability was <0.72%. These results may indicate that the developed method was precise (Table IV) . The intra-day and inter-day variations were determined using concentrations in the range of 2-10 µg/mL. Each concentration was analyzed in triplicate and the %RSD of intra-day precision was found to be 0.11% and 0.02% for the slope and R, respectively. The inter-day precision showed %RSD of 0.41% and 0.05% for the slope and R, respectively (Tables V and VI) . From the ANOVA results, there was no significant difference between the results of the intra-day variation since the p value is equal to 0.39 (i.e., >0.05). Furthermore, there was no significant difference between the results of the inter-day variation where the p value equals 0.74 (i.e., >0.05).
The chemical stability results of trimetazidine formulations demonstrated that the percent drug remaining after storage for a period of 12 weeks was found to be 98%, 98%, and 97% for formula T4 and 99%, 98%, and 97% for formula T8 at the three elevated temperatures, respectively (Fig. 5) . It is worth noting that floating tablet formulations showed a very low rate of degradation after storage at the three temperatures for 12 weeks. Regression analysis of stability data indicated that the decomposition of the drug followed first-order kinetics. The degradation rate constant (K 25 ) for each formula was calculated and the expiration dates were determined according to the Garret and Karper equation, which states that: t 90% = 0.105/K 25 , where t 90% is the time at which the percent remaining is 90% (26) . The expiration dates were 3.3 and 3.6 years for T4 and T8, respectively. Furthermore, the release of the drug from the stored formulas did not exhibit any change after storage at 40°C and 75% relative humidity for 12 weeks.
Bioavailability Study
In vivo study demonstrated that the floating tablet formula T8 achieved lower C max and T max values compared to that of the commercially available tablet (Table VII and Fig. 6 ). Furthermore, the prepared formula exhibited a prolonged mean elimination half-life. t 1/2 was found to be 9.565 h; however, the immediate-release Vastarel® tablets attained a t 1/2 of 4.626 h. Krishnaiah et al. (35) studied the bioavailability of trimetazidine from guar gum-based three-layer matrix tablets. Pharmacokinetic parameters They reported that the delayed T max , decreased C max , unaltered bioavailability, and prolonged t 1/2 indicated a slow and prolonged release of the drug from guar gum three-layer matrix tablets in comparison with the immediate-release tablet dosage form. The obtained pharmacokinetic results of T8 floating tablets may have provided prolonged blood levels of the drug in human volunteers due to the slow release of the drug in the stomach and small intestine and slow absorption of the drug in the colon, resulting in a prolonged elimination half-life of the drug from guar gum tablets after oral administration As a result, the formulated trimetazidine floating tablets may be useful in providing constant drug delivery with minimum fluctuations. Statistical analysis of pharmacokinetic parameters showed that there was a significant difference between the values of t 1/2 , AUC 0-48 , and AUC 0À1 of the tablet formulation T8 when compared to immediate-release Vastarel® tablets. The mean percent relative bioavailability of the prepared floating tablet formula T8 was 69.12% with respect to C max , 202.52% with respect to AUC (0-48) , and 235.06% with respect to AUC 0À1 ð Þ . As a result, T8 floating tablets created a 0.68-fold increase in the bioavailability compared to immediate-release tablets (Vastarel® 20 mg). It was clear that T8 generated 0.68-, 2.35-, and 2.02-fold increase in the bioavailability regarding the C max , AUC 0À1 ð Þ , and AUC (0-48) , respectively, compared to immediate-release tablets.
CONCLUSION
Trimetazidine dihydrochloride dry coated floating tablets were successfully prepared by dry coating technique using different polymers. These formulations achieved short floating lag time and long floating duration. The drug release from all the prepared dry coated floating tablets effectively exhibited an extended release of the drug over a prolonged period of time. The drug release in all formulas followed zero-order kinetics. There was no change in the color or physical appearance of selected floating tablets until the end of the storage period. The expiration date of the prepared formulas T4 and T8 were calculated to be 3.3 and 3.7 years, respectively. During the storage period, the release of the drug from the stored formulas did not show any change. T8 floating tablets demonstrated a great enhancement in the drug bioavailability compared to immediate-release tablets (Vastarel® 20 mg). Extended-release floating tablets may be considered as a promising technique for oral delivery of trimetazidine.
